Study design: Controlled laboratory study.
Introduction
Anatomical positioning of the graft is a requisite for achieving a good result from posterior cruciate ligament (PCL) reconstructions. [1] [2] [3] Success in surgical treatments for PCL injuries is related to precise restoration of PCL anatomy. 4 In a recent published paper, the anatomical location and measurements of the tibial insertions of the PCL were described. 5 Improper positioning of the tunnels in PCL reconstruction may cause shortening or lengthening of the graft during knee flexion and, ultimately, failure. 6 For the function of the reconstructed ligament to be normal, anatomical reconstruction of its anterolateral (AL) and posteromedial (PM) bands should be envisaged, given that biomechanical studies have shown that PCL reconstruction with a double band is superior to reconstruction with a single band. [7] [8] [9] Correct demarcation of the insertion sites of the AL and PM bands of the PCL and the correlated radiographic images might assist in providing greater precision for surgical reconstruction of this ligament. [10] [11] [12] Computed tomography is a potentially useful tool for evaluating the locations of bone tunnels, which even has the possibility of generating three-dimensional reconstructions, 13 although their use in the operating theater is not possible.
Magnetic resonance is less effective for evaluating the positioning of the tunnels in cruciate ligament reconstructions, because interference screws or other metal artifacts used in graft fixation may interfere with image quality. 11 The aim of our study was to define the radiographic distances from the centers of the tibial insertions of the bands of the posterior cruciate ligament to the medial and lateral cortical bone of the tibia, on radiographs in anteroposterior view, and from these centers to the most proximal point of the facet of the PCL, on radiographs in lateral view, so that these might guide the creation of anatomical tunnels during operations and so that these might serve as analytical parameters for positioning bone tunnels after these operations.
Methods
The insertions of the AL and PM bands of the PCL were evaluated in 20 anatomical specimens from the knees of adult cadavers (11 right and 9 left knees). The specimens were not paired and their sex and age data were unknown. All the knees presented intact anterior and posterior cruciate ligaments and none of them showed any macroscopic signs of arthrosis.
Before the dissection, the specimens were fixed in 10% formol and were conserved in a mixture of 2.5% phenol, 2.5% formol and 1% sodium chloride. Following this, they were kept in liquid glycerin for 60 days.
We identified and isolated the tibial insertions of the AL and PM bands of the PCL and then resected them. The centers of the bands were determined from the intersection of the diameters of the height and width and were indicated by means of metal markers that were glued directly onto the bone, using special glue. Markers of different format were used for each band (Fig. 1) . Digital radiographs were produced in anteroposterior (AP) view, with the knee extended, and in absolute lateral view, with the knee flexed at 30 • . The radiographs were produced using the following technical standardization: distance from the tube to the specimens of 120 cm; voltage of 48 kV and dosage of 5 mAs.
PM AL
On the AP radiographs, the locations of the insertion sites of the AL and PM bands were established, in percentages, from the ratio of the distance from the insertion point of each band to the medial border of the tibia, divided by the largest mediolateral measurement of the superior tibial joint face (Fig. 2) .
On the lateral radiographic images, we traced a line above the inclined region of the most proximal portion of the tibia, i.e. the insertion site of the PCL, defined by Moorman et al. as the "facet of the PCL". 14 We measured the size of the facet of the PCL and the distances from the most proximal point of this line to the insertions of the AL and PM bands (Fig. 3) . The ImageJ software was used to measure all of the distances described above.
Results
On all the radiographic images analyzed, the center of the insertion of the PM band was distal and medial to the center of the insertion of the AL band.
The mean distance from the center of the insertion of the AL band to the medial border of the tibia was 40.68 ± 4.10 mm, which corresponded to 52.32 ± 4.55% of the mediolateral measurement of the superior tibial joint face.
In relation to the PM band, the mean distance between the center of its insertion and the medial border of the tibia was 38.74 ± 4.40 mm, equivalent to 49.85 ± 4.92% of the measurement of the distance between the medial and lateral borders of the superior tibial joint face. The data relating to the tibial insertions of the PCL on AP radiographs are presented in Table 1 . In evaluating the lateral-view radiographs, the mean length of the facet of the PCL was 15.43 ± 2.47 mm. The mean distances between the most proximal point of the facet of the PCL and the centers of insertion of the AL and PM bands were 5.49 ± 1.29 mm and 10.53 ± 2.17 mm, respectively ( Table 2 ).
Discussion
The general orthopedic precept that surgery should reproduce anatomy suggests that grafts placed far from their true anatomical insertion may present impaired function. 14 Thus, radiographic guidelines for placing tunnels in surgical treatments for PCL injuries are essential for accomplishing anatomical reconstructions. 15 The radiographic locations of the bands of the PCL are reference points that are independent of the size of the knee. Intraoperative fluoroscopy may therefore be a helpful tool for correct placement of the tunnels. 12 Biomechanical studies have shown that reconstruction of the PCL using a double band is superior to reconstruction with a single band. [7] [8] [9] However, the most important factor for good results is perfect anatomical placement of the bands. 9 Some studies on the PCL have not described the locations of the AL and PM bands separately. 10, 12, 16 We observed that the center of insertion of the PM band was always medial and distal to the center of insertion of the AL band. On AP radiographs, the mean distances from the centers of insertion of the AL and PM bands to the medial border of the tibia were 40.68 ± 4.10 mm and 38.74 ± 4.40 mm, respectively. The center of insertion of the AL band was at a location that corresponded to 52.32 ± 4.55% of the mediolateral measure- Lorenz et al. 12 studied the insertion of the PCL in 16 knees from cadavers. They found that the common point of the insertion of the PCL was located at 49 ± 2% of the mediolateral diameter of the tibia, in relation to the medial border. In a study on 10 knees from cadavers using computed tomography, Greiner et al. 13 found that the mean distance between the tibial insertion of the PCL and the medial border of the tibial plateau was 36.6 mm, equivalent to 49% of the total width of the tibial plateau.
In a study on 39 knees from cadavers, Edwards et al. 17 found that there was a strong correlation between the positions of the centers of the AL and PM bands and the width of the tibial plateau, which was 48 ± 4% for the AL band (p < 0.001) and 48 ± 5% for the PM band (p < 0.002).
According to Osti et al., 18 who evaluated 15 knees from human cadavers, the centers of insertion of the AL and PM bands were found at 47.88% and 50.93% of the total mediolateral tibial diameter, respectively. Takahashi et al. 19 studied 33 tibias from cadavers and found that the distances from the medial border of the joint cartilage of the tibial plateau to the centers of the tibial insertions of the AL and PM bands, in relation to the width of the tibial plateau, were 51.0% and 50.0%, respectively.
In our sample, the distance from the most proximal point of the line traced above the facet of the PCL to the insertion of the AL band was 5.49 ± 1.29 mm and it was 10.53 ± 2.17 mm for the PM band. According to Osti et al., 18 the measurements from the insertions of the AL and PM bands of the PCL to the joint surface were 5.3 mm and 12.8 mm, respectively. On the other hand, according to Racanelli and Drez, 10 in a study on 12 knees from human cadavers, the distance from the common insertion of the PCL to the tibial joint face was 8 mm.
We fully agree with the statement by Johannsen et al. 15 that the most important findings relate to the lateral radiographic view, which is more frequently used during operations.
The different evaluation measurements that we used here can be applied to surgical reconstructions of the PCL, both as an aid for creating anatomical tunnels and for postoperative verification.
Conclusions
Our study established a radiographic model for identifying the sites of the tibial insertions of the bands of the PCL based on the distances from the centers of their insertions to the medial and lateral cortical bones of the tibia and from these centers to the most proximal point of the facet of the PCL. The results from our investigation may contribute toward anatomical reconstruction of the PCL, since correct positioning of the tunnels can be checked using fluoroscopy, before they are drilled. The data obtained may also aid in analyzing the locations of the tunnels, after the operation.
